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Introduction.

The effects of active placer mining operations on downstream water quaity have been the subject
of continuous monitoring since 1984 (Ray 1992). Active placer mining operations are conddered to be
primarily poirnt sources of sediment. The sediment originaes in either sediment laden discharge or
seenage from setling ponds. The post-mining landscape, both reclamed and unredlamed, hes no
identifiable source of sediment and the landscape can be deemed a single, non-point source of sediment.
It is generdly assumed that doped aress, lacking surface cover, and containing fine maerids, ae
contributing to the non-point sediment loading <treams. The non-point sediment sources associated with
the pos mining landscape are condderably less undersood then the sediment sources origingting during
active placer mining operations.

The Alaska Department of Environmentd Consarvation (ADEC) received a 3 19 Demondration
Project grant from the United States Environmentd Protection Agency in 1992. The purpose of the grant
was to reclam an abandoned placer mine and assess the impacts of reclamation activities and the post

mining landscape on downdream water quaity. Specific 3 19 project objectives outlined by ADEC are

s Asscss the impacts of the pogt-mining landscagpe on downstream water quaity, induding :

1. Secdiment introduction during channel realignment
2. Sediment contributions due to dope eroson
3. Sadiment dynamics of the reclamed flood plain

+ |detify the parameters affecting the volunteer recruitment of vegetation, including:

1. Soil factors, induding:
a 0l moidture
b. soil tcmpcraturc

2. Topographic factors, including:
a. slope

h. aspect
c. reief



. Identify the parameters affecting channg dability of reclamed stream reaches, including:
1. Chand and flood plan geomorphology
a width to depth ratio
b. discharge
c. gradient

2. Sediment transport
a sugpended sediment  transport
b. bedload transport

3. Effects of channd redignment on downdream water quality.

The scope of the EPA 3 19 project objectives as outlined, demondrates the comprehensve nature

of the project. To insure that al viewpoints were represented, ADEC determined that the 3 19 Project

Work Group should be a partnership between industry, regulatory agencies, and research. Work group

membership is shown in Table 1

Table /. Composition of the Birch Creek 101 Mile Steese Highway Project Work Group.

| Affiliation Agency or Association
Federal Environmentd  Protection  Agency
Nor-point  Source  Pollution
State
Department of Environmentd  Conservation
Mining
Depatment of Fish and Game
Habita  Divigon
Depatment of Natura Resources
Division of Mining
Divison of Water
Research Universty of Alaska Farbanks
School  of Minerd  Engineering
Pdmer Experiment Station (SALRM)
Private  Industry

Alaska Miners  Association
Cirde Mining Didrict




The Birch Creek Ste

The EPA 3 19 dudy ste shown in Figure 1, an abandoned placer mine on Birch Creek, is located
goproximatdy 100 miles northeast of Fairbanks, between mileposts 101 and 102 of the Steese Highway.
The legd location of the study ste is the flood plain of Birch Crek and Eagle Creek south of the Steese
Highway, from milepost 10 1 of the Steese Highway to a clam boundary located 500 feet southwest of the
Ptarmigan  Creek Bridge, Section 17, Township 7 North, Range 11 Eadt, Farbanks Meridian. Placer
mining permits, obtained from the Alaska Department of Naurd Resources, Divison of Mining, indicate
that three sats of State mining clams were staked in this aea The State mining claims were abandoned
by 1986. Land patented under the Generd Mining Law of 1872 (P.L. Stat. 91), is adjacent to the Study
Ste between Ptarmigan Creek and the Steese Highway, downgtream of the Steese Highway bridge (U.S.
Location Monument No. 5002). The higtoric operationd dtatus of this patent is unknown. The Birch
Cresk dte is assumed to be representative of abandoned placer mines in Interior Alaska

Methods

Aerid  Photography

Prior to fidd invedtigations, agrid photographs of the Birch Creek ste were obtained by ADEC.
Aeid photographs taken in 1989 for the Alaska Divison of Mining, and aerid photographs taken during
mapping programs in 195 1 and 1972 were obtained from the Geophyscd Inditute a the Universty of
Alaska Farbanks. In conjunction with the Alaska Divison of Mining's norma aerid photographing
Schedule, aerid photogrgphs of the ste in August 1993 were obtained. The project work group conducted
a visud ingpection of the Birch Creek ste during breskup in May 1993, During this inspection it was
determined that the gauging sites located on Ptarmigan Creek and Eagle Creek, sdected by the Alaska
Divison of Water during the 1992 fidd season, would aso be utilized for the Birch Creek project. A new
gauging ste (Birch Creek below Reclamation) was added downstream of the Birch Cresk Site, near the
mouth of the Gold Dust Creek valey. (see Figure 1)
Hydrology.

The three gauging Stes were designed to dlow discharge, bedioad and totd suspended solids to

be collected a a single ste. Point samples for laboratory anaysis of daly average vaues for totd



Figure |. Location of Birch Creek, 101 Mile Steese Highway project and gauging sites.
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uspended  solids and  turbidity. Water was collected four times daily & 6 hour intervals to obtan a daly
average sample. Samples were collected using an automated water sampler (ISCO Inc. Lincoln
Nebraska). A 5 ps pressure transducer, connected to a data logger (Data pod) was ingtdled to record
changes in water surface devation across the control section. A flow measurement transect, condsting of
a daff gage and attachment points for a fiberglass tape, were set-up & each site. Bedload sampling was
performed with a Helley Smith bedload sampler dong the flow measurement transect.  Shortly  after
ingdlation, the Eagle Creek flow measurement station was moved approximately 1500 feet downstream

due to turbulent flow near the gage Ste. A typicd gauging Ste is shown in Figure 2.

Automated Waler
Sampler (ISCO}

Staff Gage
wL Rebar tie down
e
< Suctivn hose (1ISCO} /j/‘
<

e

5 pgi Pregsure
< Pflansducer

Figure 2. Typical guaging site and equipment used at the Birch Creek Reclamation site.

Stage-discharge rating curves were generated for each gauging ste from fidd measurements.
Recorded data pod measurements of water pressure were converted to Stage reedings by linear regresson
of field messured data pod readings and stage measurements. Once converted to stage readings, recorded
vaues were used to edimate ingtantaneous discharge with the caculated stage-discharge relationships
generated for each dte Daly average discharge was then caculated. The pesk estimated discharge a
each Ste was then checked by plotting the mean velocity versus stage. Mean velocity for the highest
recorded stage was then estimated from the plot. Neglecting actud channe geometry, the aea added to
the channd was assumed to be rectangular above the highest measured stage. Using the estimated mcean

velocity and the conservative increase in channel area, the accuracy of caculated discharge was judged.



As an additiona check, a regresson equetion for discharge between the upstream gauging Stes on Eagle
Creek and Ptarmigan Cresk and the discharge a the Birch Creek gauging site was used.
Ste Surveying

Six cross sections were set up at the Birch Creek Site. The cross sections were placed
perpendicular to the exising flood plans and channels. The bench mak for the firg cross section is
located on the southern downstream corner of the Ptarmigan Creek Bridge. The bridge provides a
permanent bench mark devation free from the effects of frost heaving. Five permenent bench marks, 3/4
inch reinforcing (rebar) bar set in concrete, were indaled aong the Steese Highway between the
Ptarmigan Cresk Bridge and milepost 10 1. Elevations of the five bench marks were obtained from a
closed loop traverse survey from the Ptarmigan Creek Bridge. The end point of each cross section is a
flagged rebar stake, driven into the permafrost above the disturbance dong the southern margin of the
dte. The endpoint of cross section #4 was buried during reclamation activities, and must be relocated
during the 1994 field season. Open-end traverse surveys aong eech cross section, from bench mak to
reference mark were performed both prior to and following reclamation work. The gradients of Eagle
Creek, Ptarmigan Creek and Birch Creck were surveyed (closed loop traverse) from the confluence of
Eagle Creek and Ptarmigan Creek to each gauging ste. Intermediate survey points were located a each
bresk in dope dong the channd. All survey work will follow the same procedures and will be performed
annudly and after any large flood events Continuous monitoring will dlow tracking of changes in
chaned and flood plan geometry.

Vegetation sampling was performed in carly July. Vegetation polygons were identified in the
fidd and sampled usng a point-intersect sampling method. The point intersect method of vegetation
sampling dlows both densty and species diversty edimates for polygons on the disturbed Birch Creek
dte and in the relaively undisturbed Ptarmigan Creek watershed. Soil samples were collected from each
polygon during vegetdion sampling. Limited sampling of plant roots and the fruiting bodies of fungi was
performed to determine the method and feesihility of future myccorhiza <udies, Vegetation data andyss
is being performed by Dr. D. Hem a the Plant Materids Research Center. The results of vegetation and

il andyss are not presented in this report.



Results (Prior to Reclamation)

Aerid  Photograph _ Interpretation:

Figures 3 - 6 show available aerid photographs of the Birch Cresk site. The aerid photograph
teken in 195 1 (Figure 3) shows the upper Birch Creek watershed in a reldively undisturbed condition.
The 101 Mile Lodge and the Steese Highway are vishle, and the approximate boundaries of the current
Birch Crek Ste are dso shown. The 1972 agrid photograph (Figure 4) was taken during the
recongruction of the Steese Highway, during which, a bridge was congructed over Ptarmigan Creek and a
section of road was huilt across the flood plain of Birch Creck downstream of the 10 1 Mile Lodge.
Between 195 1 and 1972, Ptarmigan Creek appears to have migrated lateraly towards the lodge. The
outlined area shows the vegeation that was dripped during subsequent placer mining operdions. The
large arrow shows subsequent movement of the confluence of Eagle Creek and Ptarmigan Creek. The
confining influences of spail piles in the Eagle Creek and Birch Creek flood plains are shown in the 1989
agrid photograph (Figure 5). Placer mining operations appear to have been confined to Eagle Cresk and
the southern limits of the Birch Cresk flood plain. The new location of the Eagle Creek channd has
caused sediment deposition a the confluence with Ptarmigan Creck (outlined), and laterd migration of
Ptarmigan Creek towards the Steese Highway (smal arows). The presence of spoil piles prevents Eagle
Crek from migrating laterdly away from Ptarmigan Creek. The aerid photographs taken by the Alaska
Divison of Mining in 1993 (Figure 6) show continued growth of the dlwid fan (outlined), a the
confluence of Eagle Creek and Ptarmigan Creek. The latera migration of Ptarmigan Creek appears to
have dowed. However, laterd migration of Eagle Creek (smdl arows) has forced the channe into the
g0l piles, causng downdream bank erosion. The location of the six cross sections are shown in Figure

6.

Ste Cross Sections

Plots of dte cross sections prior to reclamation work are shown in Appendix A. Surveyed
devations show that both Eagle Cresk and Ptarmigen Creek are actively eroding their banks and that the

bed of Eagle Creek is condsently higher than that of Ptarmigan Creek. Cross section #2 (Appendix A,
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Figure 4. Upper Birch Creek Near 101 Mile Steese Highway (July 1972)




Birch Creek near 101 mile Steese Highway
August 23 1989

Figure 5. Upper Birch Creek Near 101 Mile Seese Highway (August 1989)



Figure 6. Upper Birch Creek Near 101 Mile Steese Highway (July 1993)



Figure A.2) shows deep cut banks resulting from the latera migration of Eagle Creek. Cross section #3

(Appendix A, Figure A.3) demondrates the confining influence of spoil piles on flood plan development.

Water Surface  Profiles

The water surface profiles prior to reclamation work are plotted in Figure 7. Eagle Creek has a
gradient of 0018 ft/ft and Ptarmigan Creek has a gradient of 0.012 ft/ft. Birch Creek and Ptarmigan
Creek have dmilar gradients through the Birch Creek site (0.012 ft/ft and 0.014 fi/ft, respectively). Birch
Creek changes gradient downstream of the project Ste from 0.0114 ft/ft to .0167 fu/ft, a gradient closer to
that of Eagle Creek. The loss of 0.06 fuft gradient between Eagle Creek and Ptarmigan Creek reduces of

dream energy a the confluence, causing the deposition of sediment and formation of the dluvid fan seen

in Fgure 5 and Figure 6.
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Figure 7. Water Surface Profile Prior to Reclamation of the Birch Creek site.
* Numbers correspond to surveyed cross sections.

Discharge
Stream flow hydrographs for the gauging sites on Eagle Creek, Ptarmigan Creek, and Birch

Creek demonstrate the lack of precipitation in the headwaters of Birch Creek. The recesson of the



hydrograph from 1 July until late August indicates little precipitation occurred over the upper Birch Creek
drainage. The flood event of 2 September was a rain on snow event. Figures 8-10 are the seasona
hydrographs for Ptarmigan Creek, Eagle Creek, and Birch Creek. Dally average discharge vaues for the
three gauging stes are found in Appendix D.

The regresson equation between discharge a the Ptarmigan Creek gauge and discharge at the
Birch Creck gauge yidded results very close to those cdculated by other methods. A regresson equation
between discharge a the Eagle Creek gauge and discharge a the Birch Creek gauge did not have the
predictive value of the Ptarmigan Creek and Birch Creek equation. There appears to be a non-linear
relationship between the discharge at the Eagle Creek gauge and the discharge a the Birch Creek gauge.
Although messured flow vaues and actud flow vaues for smal streams can differ by 10-15 % (Gupta
1989) the linear reldionship between Ptarmigan Creek and Birch Creek and the non-linear relationship
between Eagle Creek and Birch Creek seemingly indicates an interaction between Eagle Creek and
ground water (Table 2).

Table 2. Discharge of Eagle Creek, Ptarmigan Creek, and Birch Creek and the difference between the
discharge of Birch Creek and the combined discharge of Ptarmigan Creek and Eagle Creek.

Date
2 June 29 43 73 + 1.0
22 June 16 29 41 -4.0
30 June 12 19 30 -10
9 July 7.2 13 21 +0.6
15 July 4.3 10 14 -0.3
22 July 45 7.2 1 -0.7
12 Aug 48 75 12 -03
23 Aug 53 8.3 15 +1.4
2 Sept 24 28 438 -4.0
12 Sept 12 20 30 -2.0
19 Sept 13 21 30 -4.0
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Figure 8. Ptarmigan Creek daily average discharge (1993)
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Figure 9. Eagle Creek daily average discharge (1993).
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Turbidity and Totd Suspended Solids:

Seasond turbidity and total suspended solids data for each gauging Ste can be found in
Appendix B. Due to periodic equipment falure after inddlation, seasona values for mean and median
turbidity values can not be cdculated. However, dl automated water sampling eguipment functioned
properly between 3 June and 11 September 1993, Reaults from each gauging Ste are summarized and
compared to 1992 results in Table 3. Mean turhidity for Ptarmigan Creek, which is rdativey
undigurbed, was 060 NTU. This vaue is not appreciably different from results obtained by Ray. (Ray
1993). Mean turbidity for Eagle Creek decreased from 54 NTU in 1992 to 34 NTU in 1993. Eagle Crek
median turbidity incressed from 3.1 NTU to 84 NTU. The increase is due to a high flow event associated
with breskup on 9 June and a smdl flood event on 1 July. The average discharge for the period and
suspended sediment load are ds0 presented in Table 3. Daly average total suspended solid transport rates

(torn/day) were cdculated and are found in Appendix B.

Table 3. Results of automated sampling for the period 3 June to 11 Sept.
*Number of samples refers to the number of samples collected at each site.

Turbidity " Average ¢ #Total : Number

Site mean  median Discharge Load of

(NTU) (cfs): + @ (tons) Samples
Eagle Cr. 34 8.4 12.72 340 98
(1993)
Eagle Creek * 54 31 10.8 578 51
(1992)
Ptarmigan  Cr. 0.62 0.49 19.44 6.61 83
(1993)
Ptarmigan Cr. * 0.80 0.60 8.19 0.08 27
(1993)
Birch Cr. below 9.3 4.6 28.5 274 87
Reclamation
(1993)

* From Ray 1993
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Bedload:

Bedload transport by Ptarmigan Creek, Eagle Creek and Birch Creek was measured across the
flow measurement transect. The bedload sampler was lowered to the channd bed a regular intervals.
Each bedload sample is a compodte of the individua measurements across the channd section. Bedload
sample paticle sSze andyses and trangport rate caculations are found in Appendix C. The caculated

rates of bedload transport a each gauging sSite are presented in Table 4.

Table4. Bedload Transport Rates for the Birch Creek Ste (Summer 1993).
(*) values indicate no measurement.

22 dne 0.09 0.66 0.12
30 June 0.02 0.81 0.09
9 iy : 0.49 0.20
2y ' 0.06 0.43
12 Aug ' 0.08 0.03
23 Aug ' 0.65 0.03
2 Sept 0.08 3.04 191
11 Sept x 182 0.46
19 Sept ' 0.57 0.39

Measurements demondgrate bedload transport in Eagle Creek is dgnificantly grester than bedload
transport in Ptarmigan Creek. The bedload transport rates entering the Birch Creek Site appear to be
greater than the bedload trangport rates exiting the ste (Birch Creek). The lack of bedload data a high

flows is explained by the absence of sgnificant flood events during the 1993 fidd season.

Results (During Reclamation)

The decidon to redign Eagle Creck was based upon the results of prc-reclamaion inventories.

The new Eagle Creek channd was designed by Divison of Water, ADEC, and Depatment of Fish and

1



Game personnd . Discharge measurements a the gauging sites on Eagle Creek and Birch Creek were
made prior to the routing of flow into the congtructed Eagle Creek Channd.
Turbidity

Results of sediment sampling (10 minute intervals) a a dte in the condructed Eagle Creek

channd and a Birch Crek are shown in Figures 11 and Figure 12, respectivdy. Raw turbidity values for
both sites can be found in Appendix C.
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Figure 11. Turbidity at New Eagle Creek Channel Ste during Eagle Creek
channel realignment. (9 October 1993)
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Figure 12. Turbidity at Birch Creek Gauging Ste during Eagle Creek
channel realignment. (9 October 1993)
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Totd Suspended  Solids

Sediment loading was cdculated for the monitoring period following flow diverson into the
condructed Eagle Cresk channd from totd suspended solids vaues found in Appendix D. Sediment
introduction during the monitoring period & the Birch Cresk gauging Ste was 2.2 tons  Sediment loading
during the 2 hour period in the condructed Eagle Cresk channdl was 25 tons. The difference, 0.3 tons,

may reflect sampling, andyticd eror, or depostion between sampling Stes.

Results (after Reclamation)
The six cross sections were resurveyed and are presented in Appendix A (Figures Al-A. 11).
Water surface profiles for the dte after reclamation were surveyed. The channd length of Eagle Creek
was increased by agpproximately 1000 feet. The gradient of Eagle Creek was reduced from 0.018 fi/ft to
0017 fi/ft. The gradient change at the confluence of Eagle Creek and Ptarmigan Creek was reduced to
0001 ft/ft by moving the confluence downstream 2000 feet. The water surface profiles after reclamation
ae shown in Figure 13. No further monitoring was peformed as unexpected delays resulted in the

completion of reclamation in early October rather than late August.
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Figure 13. Water surface profile ajier reclamation of the Birch Creek site.
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Discussion.

Aeid  Photographs

Aerid photographs of the upper Birch Creek basn show the impacts man's activity can have on
riparian  sygems through time The Ptarmigan Creek bridge, built in 1972 during recondruction of the
Steese Highway, has apparently stopped laterd channg migration of Ptarmigan Creek. The elevated
Steese Highway subgrade reduces the areal extent of the Birch Creek flood plain near milepost 10 1.
Hence flood flows are concentrated in the exiding channd-flood plain system.

The impact of placer mining operations is aso apparent in aerid photographs, It appears that
placer mining operations were confined to the flood plain of Eagle Creek and the southen margin of the
Birch Creek flood plan. Placer mining operation a the Birch Creek Ste ceased in 1986. The ste
characteridics of the abandoned mines near milepost 101 are typicd of mining claims abandoned prior to
the cnactment of State reclamation performance standards in 1989 (11 A.A.C. 97). Defined stream
channes and flood plains are not evident. The piles of excess material in the valey bottom further
reduces the areal cxtant of the flood plan and arc susceptible to mass wedting during periods of high flow.
The development of an dluvid fan a the confluence of Eagle Creck and Ptarmigan Creek is clearly
shown by comparing Figure 5 to Figure 6. Alluvid fan formation has ceused laterd migration of
Ptarmigan Creek and Eagle Creek, It is expected without reclamation, the fan would cause inherent
channd indability a the confluence of the two creeks reducing the likelihood of permanent channe

establishment.

Ste Cross sections (prior to reclamation)

The six cross sections indicate that Eagle Creek and Ptarmigan Creek are eroding the piled
overburden.  Cross section #2 (Figure A.2) shows steep cut banks resulting from the laterd migration of
Eagle Creek. Cross section #3 (Figure A.3) demongrates the confining influence of spoil piles on Eagle
Creek flood plain development. It is not known whether the bank erosion shown in the cross sections

exceed the naturd rate of bank erosion for ether Ptarmigan Creek or Eagle Creek. However, the laterd

14



migration of Eagle Crek into the spoil piles indicates that Eagle Creek is not located in a dtable location.
Mass wadting of the spail piles likdy results in higher sediment trangport rates for Eagle Creek then

natural  rates.

Channd Gradients _(prior _to _reclamation)

Surveyed channd gradients at the Birch Creek ste indicate the presence of 0.06 fi/ft loss in
gradient between Eagle Crek and Ptarmigan Creek. Sediment depostion and dlwid fan formation
(Figure 5 and Figure 6) indicate a reduction of stream energy a the confluence of Eagle Creek and

Ptarmigan  Creek.

Discharge
Daily average discharge for Ptarmigan Creek varied between 115 cfs (27 May) and 6.0 cfs (5

August). The Ptarmigan Creek hydrograph (Figure 8) indicates the absence of runoff generating storms
in the Ptarmigan Creek basin from 3 July until 2 September.

Daily average discharge for Eagle Creck varied between 73 cfs (27 May) and 044 cfs (9 August).
As with Ptarmigan Creek, the Eagle Creek dream flow hydrograph indicates the absence of runoff
generating dorms between 3 July and 2 September. Impacts of active placer mining operdions on Eagle
Creek can be seen in the dream flow hydrograph for Eagle Creek (Figure 9). Contrasted to the smooth
recesson curve evident in the stream flow hydrograph for Ptarmigan Creek, the recession curve for Eagle
Creck is irregular. Water demand for active placer operations coupled with low precipitation, necessitated
surface water withdrawal into recycle ponds. The withdrawads, commonly ladting less than two hours,
account for the irregularities in the Eagle Creek hydrograph.

Daly average discharge for Birch Creek below the reclamation ste varied from 116 cfs (10 June)
and 86 cfs (3 August), Assuming no losses between gauging sites, discharge a the Birch Cresk gauge
should be equd to the combined discharge & the Eagle Cresk and Ptarmigan Creek gages. Figure 14
shows the discharge a the Birch Creek gage plotted as a function of the combined discharge of Eagle

Creek and Ptarmigan Creek gages.

15



The discharge relationship between the discharge entering the site (Ptarmigan Creek and Eagle

Cresk) and the discharge leaving the ste (Birch Creek) should theoreticaly be 1 to 1, assuming no lossss.

A regresson line between the combined discharge of Ptarmigen Creek and Eagle Cresk and the discharge

a the Birch Cresk gauge was caculated. For the above assumption to be true, namely no losses, the

confidence interva of the regresson line mug include the theoretica line. The regresson results and

data are plotted in Figure 14. Since the confidence intervas do not include the theoreticd line, the dope

of the regression line shown in Figure 14 is datidicdly different than 1 (95% confidence). The

megnitude of the losses indicated in Figure 14 indicates a surface water- ground water connection.

Cdculated discharge vaues are based upon discharge measurements, which may be in error as

much as 15%. To determine whether the relationship shown is red or an artifact of measurement eror,

the precison and accuracy of flow measurements will be tested during the 1994 ficld season.
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Figure 14. Discharge of Birch Creek as a function of the combined discharge of
Ptarmigan Creek and Eagle Creek.
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If the connection is found to be red, it would be a reversa of the conclusions drawn by other researchers

working in the upper Birch Creek basin (Cooper and Van Heveren, 1992), and would dlow hydrologic
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recovery rates to be esimated from flow data collected a the 12 Mile Creek gage and hydrologic data

collected in 19831984 (Berjerklie and LaPerrier, 1984).

Turbidity and Totd Suspended Solids (prior to reclamation)

Seasond turbidity for Ptarmigan Creek ranged from a pesk of 22 NTU ( 26 May) to a low of
0.25 NTU (8 Septcmber). Mean turbidity of Ptarmigen Creck was 0.62 NTU and median turbidity was

049 NTU. The suspended load of Ptarmigan Creek does not gppear to vary sgnificantly with discharge

(Figure 15).
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Figure 1.5. Ptarmigan Creek Discharge and Sediment Transport.

Seasond turbidity for Eagle Creek ranged from 400 NTU (2 September) to 0.85 NTU (29 Jly).
Mean turbidity of Eagle Creek was 33 NTU. Although higher than the 5 NTU gsandard, mean turbidity of
Eagle Creek has declined from a 1992 vaue of 54 NTU (Ray 1993). Median turbidity, however,
increesed from 3.1 NTU in 1992 (Ray 1993) to 84 NTU. The rise in median vaues is probably due to the
longer period of recording, which was 98 days in 1993 compared to 51 days in 1992. Included in the 98

days are turbidity values associated with spring breskup, not included in the 1992 daa
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Suspended sediment transport in Eagle Creek is far more sengtive to changes in discharge.
Figure 16 shows both Eagle Creek discharge and suspended sediment transport during the 1993 fidd
seson. The rdaionship between discharge and sediment loading is dmog directly proportiond. This is

consistent with results reported by others (Peterson et d., 1985). Eagle Creek has been mined from its

confluence with Ptarmigan Creek to its ephemera reaches on Magtodon Fork. The incressed senstivity
observed is likely due to the presence of unbedded materid in the flood plan of Eagle Creek.

Seasond turbidity values for Birch Creek varied from a peak of 90 NTU (27 August) to 0.90
NTU (5 July). Mean turbidity of Birch Creek a the Birch Creek below Reclamation gauge was 9.3 NTU,
digntly above the 5 NTU dandard. Median turbidity was 46 NTU and below the 5 NTU dandard . This

is the firs year of data collection a the Birch Creek below Reclamation gage.
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Figure 16. Eagle Creek Discharge and Sediment Transport.

Sugpended sediment trangport & the Birch Creek below Reclamation gage displayed senstivity to

discharge comparable to that of Eagle Creek. Suspended sediment transport by Birch Creek showed that
for average flow conditions the sediment loads of Eagle Creek and Ptarmigan Creek were transported

through the Birch Creek Ste At high flows, suspended sediment loads a the Birch Creek gage were
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higher than those of Eagle Creek and Ptarmigan Creek combined. Figure 17 shows the relationship

between sediment transport and discharge for the Birch Creek gage.
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Figure 17. Birch Creek Discharge and Sediment Transport.
Bedload

The results of bedload sampling indicate that Eagle Creek has a Sgnificantly higher bedload
trangport rate than Ptarmigan Creek. Although pre-disturbance bedload transport rates for Eagle Creek
ae unknown, particle §ze andyss indicates that a much higher percentage of large materid is
trangported by Eagle Creek then Ptarmigan Creek. Low bedload transport rates are indicative of a
relatively stable chang amor layer. Conversdy, the high bedload transport rates of Eagle Creek and
Birch Creck indicate the armor layer of these streams is not gtable the range of discharges over which
bedload was sampled (Klingman and Emmett, 1982).

The seasond particle size digribution of Ptarmigen Creek bedload samples (Figure B. 1) indicates
most (Dgg) of the transported materid is less than 5 mm in diameter. The seasond paticle size
digribution for Eagle Creek bedload samples (Figure B.2) indicates most of the materid transported is
between 20 mm and 12 mm in diameter. The mgority of the materid transported past the Birch Creek
gauge is between 1.0 mm and 105 mm in diameter (Figure B.3) The absence of the 12 mm Sze class

from bedload samples a the Birch Creek gauge indicates that depostion of the largest bedload material
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occurs between the Eagle Creek and Ptarmigan Creek gauges. Stream power incresses during high
flows. So, the absence of bedload measurements a high flows probably decreases the Dy vaues for the
three streams.

Most bedload models are based on stream power and particle fal velocity, Stream power is a
function of discharge, chennd dope and the specific weight of the fluid. The fdl velodty is a function of
paticde densty, fluid densty, and fluid viscosty. Unfortunately, fluid viscosty is a function of fluid
temperature, which was not measured during the 1993 fidd season. During the 1994 fidd season water
temperature will be recorded a each gauge ste and the bedload transport during the high flows associated

with breakup will be messured.

Turbiditv and Totd ded Solids (during_ reclamation

The pek turbidity in the new Eagle Creek channd was 4500 NTU. Turbidity decreased linearly
to 500 NTU 45 minutes dfter the initiation of flow a the gauge in the new Eagle Cresk channd. The rise
to 1000 NTU after 65 minutes probably indicates the arival of the full Eagle Creek discharge a the
sampling dation. Turbidity appears to gradualy decrease, presumably to near besdine levels (see Figure
11).

The initid turbidity pesk (275 NTU) a the Birch Cresk gauge is due to congruction of the new
Eagle Creek channel. Although gravel was not moved near Eagle Cresk and heavy equipment did not
trave through Eagle Creek, sediment was introduced into Eagle Creek by reclamation activity. It was
observed that as the heavy equipment traveled near Eagle Creek, sediment laden water would seep from
the banks into Eagle Creek. The second pesk of 550 NTU is the arivd of the 4500 NTU Eagle Creck
peak. The two subsequent pesks a 250 NTU are poorly understood. (see Figure 12)

Sugpended  Sediment introduced into Birch Cresk during the monitoring period following
channd redignment was 22 tons. The loss of 0.3 tons between gauging Stes likedy represents procedura

error or depostion of materid between sampling locations.
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Channd  Gradient  (after  reclamation)

The overdl length of Eagle Creek was reduced by 500 feet above the existing Ptarmigan Creek
and Eagle Crek confluence during channd redignment. Channd gradient differences were minimized
by locaing the confluence of Eagle Crek 2000 ft downdream of its origind location. The flattened area
of the water surface profile shown (Figure 13) is a pond that formed over a depresson.  Eliminating the
rapid gradient change a the confluence of Ptarmigan Creek and Eagle Creek should alow both discharge
and sediment to be transported through the Birch Creek ste without deposition or scour. Gradient
adjugment will dlow bedload to be transported through the sSte. Although increesed bedload transport
downgream of the Birch Creek ste will not impar water qudity, the effects of changing bedload
dynamics on the benthic community ae not known. The channd will be continuoudy monitored for

changes in gradient, bank erosion and bar formation.
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Summary. (1993 fidd work)

During the summer of 1993, hasdine environmentd studies were conducted a the Birch Creek
dte. Current Ste processss and characterisics were investigated. In addition to providing a reference for
future change, invedtigations conducted a the Birch Creek sSte during 1993 indicate that there are
dgnificant hydrologic differences between Eagle Creek and Ptarmigan Creek. Pertinent results are

presented for each project objective.

Goal: Assessment of the impact of the post-mining landscape on downstream water quality.

1. Sediment introduction during channd  redignment.

Sediment introduction  during channd  redignment was minima.  Despite
extraordinaily high turbidity vaues a the Eagle Creek sampling site (4500 NTU), actud
sediment introduction was only 25 tons Turbidity values dropped rgidy with the addition of

flow from Ptarmigan Creek (600 NTU). Totad sediment introduced downstream was 2.2 tons.

2. Sediment contributions due to dope erosion.

1993 fidd work indicates that most eroson of dopes is by fluvial action. Bank erosion
is shown in survey data Incressed downstream sediment transport is taken as an indication of
fluvial eroson during high flow events

Slope eroson measurements will begin during the 1994 fidd sesson. Erodon tegt plots
will be edablished for surface run-off. Wind erogon will dso be messured. Sail infiltration

capacity, moidure retention and temperature will be messured in the plant rooting zone (<lm).
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3. Sediment dynamics of the Redaimed flood plain.

Invetigations will begin in 1994. However, daa collected during the 1993 fied season
indicate the Eagle Creek flood plan and the Birch Creek flood plain contribute larger amounts of
suspended sediment in response to changes in discharge, than does the Ptarmigan Creek flood
plain. This is principdly due to the ingability of channds over time, which prevents the
formation of gtable chand beds and flood plain vegetation. By dabilizing and redigning Eagle
Creek during the 1993 field season, a decrease in the sendtivity of suspended sediment to

discharge should occur.

Goal: Identification of parameters affecting the volunteer recruitment of vegetation

Sudies of the hydrologic and thermd regimes of recontoured spoil piles and overburden will
enadble management practices to be evduated and, if necessary, developed. Therma and hydrologic
monitoring will begin during the 1994 field season, The fidd invedigations and results pertaining to this

god are summarized in a separate report.

Goal: |dentification of parameters affecting the sability of reclaimed stream reaches.

1, Channd and flood plain geomorphology.

FHed invedigations during the 1993 season indicate that the presence of piled materid
in the flood plan of Birch Cresk and Eagle Cresk exerts a confining influence on flood plain
development. Laterd migration of Eagle Creek and Ptarmigan Creek has been caused by
sediment deposition a the confluence of Ptarmigan Creek and Eagle Creek. Laterd migration of
both Ptarmigan Creek and Eagle Creek undercut the piled materid, causing mass wasting of the

undercut  dope.
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2. Distharge
Discharge through the Birch Crek Ste shows some indication of groundwater

interaction. The precison and accuracy of flow measurements will be tested during the 1994

field season to insure the connection is red and not a messurement artifact.

3. Sediment transport.

Suspended  sediment  measurements indicate little deposition occurs on the Birch Creek
Site. The Birch Creek Ste in its unreclamed state actualy contributed sediment to Birch Creek.

Daa collection will continue during the 1994 fidd seeson.

4. Bedload

Bedload trangport in Eagle Creek is dgnificantly higher then that of Ptarmigan Creek.
Hence, dluvid fan formation a the confluence of Eagle Creek and Ptarmigan Creek can be
dtributed to sediment transported by Eagle Creek. The large gradient difference between Eagle
Creek and Ptarmigan Creek results in decreased avalable stream energy for sediment transport.
Reaulting depogtion of bedload a the confluence forces both Eagle Creek and Ptarmigan Creek
to migrate laterdly away form each other. Using aerid photographs and survey data, channe
stability would be best atained by separating Eagle Creek from Ptarmigen Cresk. By
minimizing gradient changes a the confluence of Eagle Cresk and Ptarmigan Creek, both totd

sediment load and discharge should be transported through the ste.
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Appendix A
Site Cross Sections Prior to Reclamation of the Birch Creek Site

All devations are rddive to Bench markk # 1 (devation =100 ft). Veticd scde is exaggerated to

show relief.
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Figure A2 Cross section #2 (22 June 1993)
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Site Cross Sections after Reclamation

All devations are reative to Bench mark # 1 (elevation =100 ft). Vertica scae is exaggerated to
show relief.
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Appendix B.

Ptarmigan Creek Bedload 1993.

PTARMIGAN CREEK BEDLOAD (SUMMER 1993)
DATE 22-Jun-93] 30-Jun-93| 2-Sep-93
MESH MASS (grams) retained (g) |accumulated (g) |Percent retained Percent Passing
25500 0 0 0 0 0.00 100.00
18850 0 0 0 0 0 0.00 100.00
12250 0 0 0 0 0 0.00 100.00
6700 0 3.2 4.2 7.4 7.4 33.64 66.36
2000 341 1.8 21 7 14.4 65.45 34.55
1180 0.6 0.5 1.6 2.7 17.1 77.73 22.27
850 0.4 0.4 1 1.8 18.9 85.91 14.09
600 0.2 0.2 0.8 1.2 20.1 91.36 8.64
425 0.1 0.2 0.8 1.1 21.2 96.36 3.64
300 0 0 0.4 0.4 21.6 98.18 1.82
150 0.1 0 0.2 0.3 21.9 99.55 0.45
pan 0 0 0.1 0.1 22 100.00 0.00
Initial mass (g) 4.5 6.3 11.4 22.2 Standard Error (%) 0.90
final mass (g) 4.5 6.3 11.2 22
Transport (g/min) 9 12.6 228
Discharge (cfs)
'
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Figure B. 1 Cumulative Particle Sze Distribution of Ptarmigan Creek Bedload. (1993)
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Eagle Creek Bedload 1993

EAGLE CREEK BECLOAD (SUMVER 1983)
DATE 2B OJunSB) SUun93 22.Ju-8 12-A00 0| BAGDB 2-pB 12-8pB 19S5
MESH MASS (grams) retained {g) jacoumulated (Q) |Percert rdained | Percert Passing
25600 0 0 0 0 0 0 0 0 0 0 0 0 oo
1839 177 166 0 0 o 0 23 o] 0 63§ 636 485 $H.14
12250 0 162 45 Q 0 0 24 201 144 86 1502 11.47, 8853
6700 74 133 43 [s] 1.8 83 405 143 119 101.8 2 1925 075
200 28 B7| 8 3 42 2098 1043 HBI 245 3468 588 4674 5420
1180 174 17] 164 31 25 21 619 k7 136§ 2127 811.9 61.59 B3N
80 111 102 10 15 1.7 161 51.2 B1 85| 1454 969 7310 2690
60 9 98 99 1 1.3 1.3 518 288 8 1309 1087.9 819 160
425 69 71 68 a5 08 62 204 26 52 1065 11943 Nn.24 876
Iw 37 34 29 a1 04 21 H2 116 22 626 12569 B 3%
150 1 11 09 at 02 06 191 %7 07| 504 1307.3 D087 013
pen 01 0 0 0 Q2 01 12 01 0 1.7] 1309 10000 000
Initial mess (g) 1043 12717 769 95 131 182 4793 2866 @3 12809 Standard Bror (%) 146
final messs (g) 1041 1274 763 93 131 126 4783 89 =2 139
Transport (g/min) 4172 5108 074 B 24 MN28 19172 11464 7.2
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Figure B. 2 Cumulative Particle Sze Distribution of Eagle Creek Bedload. (1993)
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Birch Creek below Reclamation Bedload 1993.

HROHCRERK BELONVREQLAVATICN BEDLOAD (SUMVER 1995)
DATE ﬂ\ln&ﬂm S 2093 128083 BAGEE 25p 3 12-5ep 83 19-Sep 3
VESH MASS (garg) retained (@ acaumuded (@) {Percent refained | Reroent Passing
0 0 0 0 0 0 0 0 0 Q 0 Q 000 10000
18850 0 0 0 0 o o 0 0 a 0 o 00 10000
129 0 0 0 0 0 0 156 0 a 156 156 221 9.
670 18 26 16 101 o 0 1 1.1 71 574 3 103 8067
20 1.1 77 206 X3 1.3 01 81 139 469 XR9 219 2l 600
1180 67| 51 168 95 18 06 01 143 02 1251 07 5762 2.3
80 48 32 94 57 13 09 29 107] 123 B2 462 6868 .31
60 47| 37 76 6.1 121 12 08 12 1.3 786 38 781 2019
425 42 32 46 54 1 18 R4 106 78 Jal 6348 i2kid) 10.14
300 27 22 21 3 1 19 243 7 41 483 8831 %7 330
10 08 08 07 11 05| 09 125 3 18 218 ™Y BN 021
pen 0 0 0 0 04 01 09 01 Q 15 64 10000 o]0
Initid mess (@) Al 287 65 674 84 79 N5 25 1217 o7 Sendard Brar (%9 018
fird mass (@) 34 285 634 672 85| 75 N6 7 121.2 64
(gmin | 74 514 127 260 16 15 1P 2434
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Figure B.3 Cumulative Particle Sze Distribution of Birch Creek Bedload. (1993)
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Appendix C.

Raw Sediment Data resuling from Eagle Creek Realignment (9 October 1993).

Eagle Diversion 9-Oct-93 1305 4400 6910 5.2 97
Eagle Diversion 9-Oct-93 1320 2150 3321 5.2 47
Eagle Diversion 9-0Oct-93 1325 1700 2796 5.2 39
Eagle Diversion 9-Oct-93 1335 750 1371 5.2 19
Eagle Diversion 9-Oct-93 1345 500 893 5.2 13
Eagle Diversion 9-Oct-93 1355 800 1776 5.2 25
Eagle Diversion 9-Oct-93 1405 1050 2275 5.2 32
Eagle Diversion 9-0ct-93 1415 600 1325 5.2 19
Eagle Diversion 9-Oct-93 1425 450 1142 5.2 16
Eagle Diversion 9-Oct-93 1435 450 1221 5.2 17
Eagle Diversion 9-Oct-93 1445 500 1272 5.2 18
Eagle Diversion 9-Oct-93 1520 350 924 5.2 13
Birch @ Reclamation 9-Oct-93 1330 1.4 5.1 16 0.22
Birch @ Reclamation 9-Oct-93 1340 2.2 5.2 16 0.23
Birch @ Reclamation 9-Oct-93 1350 2.3 0.70 16 0.03
Birch @ Reclamation  9-Oct-93 1360 2.6 7.0 16 0.30
Birch @ Reclamation  9-Oct-93 1370 27 62 16 3
Birch @ Reclamation 9-Oct-93 1380 180 351 16 15
Birch @ Reclamation  9-Oc¢t-93 1390 260 421 16 18
Birch @ Reclamation 9-Oct-93 1400 140 201 16 9
Birch @ Reclamation 9-Oct-93 1410 550 1011 16 44
Birch @ Reclamation 9-Oct-93 1420 550 898 16 39
Birch @ Reclamation 9-Oct-93 1430 300 476 16 21
Birch @ Reclamation  9-Oct-93 1440 280 269 16 12
Birch @ Reclamation 9-Oct-93 1450 150 276 16 12
Birch @ Reclamation  9-Oct-93 1460 250 450 16 19
Birch @ Reclamation 9-Oct-93 1470 200 399 16 17
Birch @ Reclamation 9-Oct-93 1480 140 294 16 13
Birch @ Reclamation 9-Oct-93 1490 150 273 16 12
Birch @ Reclamation 8-Oct-93 1500 110 250 16 11
Birch @ Reclamation 9-Oct-93 1510 170 356 16 15
Birch @ Reclamation 9-Oct-93 1520 250 511 16 22
Birch @ Reclamation 9-Oct-83 1530 170 343 16 15
Birch @ Reclamation  9-Oct-83 1540 130 260 16 11
Birch @ Reclamation 9-Oct-93 1550 110 197 16 8.5
Birch @ Reclamation 9-Oct-93 1560 80 204 16 8.8
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Arsenic Data Collected at the Birch Creek Ste (1993).

Birch Creek below Reclamation
Birch Creek below Reclamation

Birch Creek below Reclamation
Birch Creek below Reclamation

Eagle Creek above Ptarmigan Cr.
Eagle Creek above Ptarmigan Cr.
Eagle Creek above Ptarmigan Cr.

Eagle Creek Diversion
Eagle Creek Diversion

Ptarmigan Creek above Eagle Cr.
Ptarmigan Creek above Eagle Cr.

24-Sep-93
9-Oct-93
9-Oct-93
15-0Oct-93
24-Sep-93
9-Oct-93
15-Oct-93
9-Oct-93
9-Oct-93
24-Sep-93
15-Oct-93
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13:29
34:35

13:05
13:20

<0.001
<0.001
<0.001
<0.001
0.002
0.001
<0.001
0.003
0.004
<0.001
<0.001

0.002
0.002
0.006
0.003
0.002
0.003
0.002
0.012
0.016
<0.001
<0.001



Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch
Birch

Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below
Creek below

Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation
Reclamation

3-Jun-93
4-Jun-93
5-Jun-93
6-Jun-93
7-Jun-93
a-Jun-93
9-Jun-93
10-Jun-93
11 -Jun-93
12-Jun-93
13-Jun-93
14-Jun-93
15-Jun-93
16-Jun-93
17-Jun-93
1a-Jun-93
19-Jun-93
20-Jun-93
21-Jun-93
22-Jun-93
23-Jun-93
24-Jun-93
25-Jun-93
26-Jun-93
27-Jun-93
28-Jun-93
29-Jun-93
30-Jun-93
1-Jul-93
2-J4ul-93
3-Jul-93
4-Jul-93
5-Jul-93
6-Jul-93
7-Jul-93
8-Jul-93
9-Jul-93
10-Jul-93
11-Jul-93
12-Jul-93
13-Jul-93
14-Jul-93
15-Jul-93
16-Jui-93
17-Jul-93
1 a-Jul-93
19-Jul-93
20-Jul-93

Appendix D.

and Tot,

12
5.1
5.9
6.3

16
7.9

34

17
4.7
4.1
3.8
2.9
3.9
2.6
3.3
15
2.0
2.8
3.2
1.4
1.6
14
1.6
15

19

None
None
None
15
1.9
1.3
1.3
0.9
0.95
57

12
1.2
3.3
52

25
6.9

12

18

18
6.0
5.0
8.8
a7

31
9.1
17
21
61
13
754
459
14
8.8
14
11
17
5.8
ab
5.7
11
29
14
10
5.1
4.8
6.0
6.51
81
None
None
None
75
3.8
6.1
3.1
3.3
4.1
39
112
6.0
21
30
80
a4
60
a’
118
19
20
38
40

80
71
73
76
64
58
95
116
66
56
49
47
40
37
36
43
41
61
56
42
37
36
36
35
51
44
37
34
38
36
33
29
26
23
22
22
21
20
19
18
17
16
16
15
14
14
13
14

6.7
1.7
3.3
4.3
10
2.1
193
144
2.4
1.3
1.8
1.3
1.9
0.58
0.83
0.65
1.2
4.7
2.1
1.2
0.51
0.47
0.57
0.61
11
None
None
None
0.77
0.37
0.53
0.24
0.23
0.26
2.4
6.8
0.34
1.14
15
3.9
3.8
2.6
3.7
4.9
0.72
0.78
1.3
1.6
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Birch Creek below Reclamation 21-Jul-93 6.9 22 13 0.75
Birch Creek below Reclamation 22-Jul-93 18 28 12 0.89
Birch Creek below Reclamation 23-Jul-93 19 6 1 0.20
Birch Creek below Reclamation 24-Jul-93 2.6 16 12 0.49
Birch Creek below Reclamation 25-Jul-93 19 9.3 1 0.28
Birch Creek below Reclamation 26-Jul-93 13 4.0 12 0.13
Birch Creek below Reclamation 27-Jul-93 12 6.0 9.5 0.15
Birch Creek below Reclamation 28-Jul-93 0.75 6.2 10 0.17
Birch Creek below Reclamation 29-Jul-93 2.3 7.8 1 0.22
Birch Creek below Reclamation 30-Jul-93 21 8.6 9.6 0.22
Birch Creek below Reclamation 31-Jul-93 2.9 15 9.6 0.38
Birch Creek below Reclamation 1 -Aug-93 4.5 17 9.1 0.42
Birch Creek below Reclamation 2-Aug-93 2.2 7.7 9.1 0.19
Birch Creek below Reclamation 3-Aug-93 21 8.2 8.8 0.19
Birch Creek below Reclamation 4-Aug-93 2.2 10 9.6 0.26
Birch Creek below Reclamation 5-Aug-93 1.4 6.3 8.6 0.15
Birch Creek below Reclamation 6-Aug-93 2.3 7.9 1 0.23
Birch Creek below Reclamation 7-Aug-93 1.7 6.6 12 0.22
Birch Creek below Reclamation 8-Aug-93 11 6.6 12 0.21
Birch Creek below Reclamation 9-Aug-93 14 54 12 0.18
Birch Creek below Reclamation 10-Aug-93 15 7.1 14 0.26
Birch Creek below Reclamation 11 -Aug-93 16 7.1 14 0.27
Birch Creek below Reclamation 12-Aug-93 6.2 23 14 0.89
Birch Creek below Reclamation 13-Aug-93 2.3 58 12 0.19
Birch Creek below Reclamation 14-Aug-93 3.0 13 13 0.45
Birch Creek below Reclamation 15-Aug-93 1.9 5.2 14 0.20
Birch Creek below Reclamation 16-Aug-93 15 8.4 12 0.27
Birch Creek below Reclamation 17-Aug-93 74 40 1 12
Birch Creek below Reclamation 18-Aug-93 5.1 25 12 0.80
Birch Creek below Reclamation 19-Aug-93 7.7 38 12 1.2
Birch Creek below Reclamation 20-Aug-93 11 70 10 19
Birch Creek below Reclamation 21 -Aug-93 8.0 42 1 13
Birch Creek below Reclamation 22-Aug-93 1.6 7.8 13 0.26
Birch Creek below Reclamation 23-Aug-93 16 8.0 14 031
Birch Creek below Reclamation 24-Aug-93 4.2 14 17 0.68
Birch Creek below Reclamation 25-Aug-93 8.1 25 21 14
Birch Creek below Reclamation 26-Aug-93 5.1 14 20 0.75
Birch Creek below Reclamation 27-Aug-93 90 138 19 71
Birch Creek below Reclamation 28-Aug-93 None None 19 None
Birch Creek below Reclamation 29-Aug-93 None None 18 None
Birch Creek below Reclamation 30-Aug-93 None None 18 None
Birch Creek below Reclamation 31 -Aug-93 None None 21 None
Birch Creek below Reclamation 1-Sep-93 None None 32 None
Birch Creek below Reclamation 2-Sep-93 None None 48 None
Birch Creek below Reclamation 3-Sep-93 60 160 45 20
Birch Creek below Reclamation 4-Sep-93 60 152 41 17
Birch Creek below Reclamation 5-Sep-93 50 118 38 12
Birch Creek below Reclamation 6-Sep-93 38 83 37 8.3
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Birch Creek below Reclamation 7-Sep-93 16 51 34 4.7
Birch Creek below Reclamation 8-Sep-93 9.2 34 32 3.0
Birch Creek below Reclamation 9-Sep-93 15 41 30 3.3
Birch Creek below Reclamation 10-Sep-93 10 19 30 15
Birch Creek below Reclamation 11-Sep-93 9.4 19 27 14
Birch Creek below Reclamation 12-Sep-93 0.1 19 30 15
Birch Creek below Reclamation 13-Sep-93 10 15 30 1.2
Birch Creek below Reclamation 14-Sep-93 12 17 32 15
Birch Creek below Reclamation 15-Sep-93 6.4 1 31 0.95
Birch Creek below Reclamation 16-Sep-93 53 8.9 31 0.74
Birch Creek below Reclamation 17-Sep-93 6.6 1 30 0.86
Birch Creek below Reclamation 18-Sep-93 None None 28 None
Birch Creek below Reclamation 19-Sep-93 None None 31 None
Birch Creek below Reclamation 20-Sep-93 14 41 38 4.2
Birch Creek below Reclamation 21-Sep-93 27 115 51 16
Birch Creek below Reclamation 22-Sep-93 None None 45 None
Birch Creek below Reclamation 23-Sep-93 None None 39 None
Birch Creek below Reclamation 24-Sep-93 None None 35 None
Birch Creek below Reclamation 25-Sep-93 None None 33 None
Birch Creek below Reclamation 26-Sep93 None None 31 None
Birch Creek below Reclamation 27-Sep-93 None None 38 None
Birch Creek below Reclamation 28-Sep-93 None None 32 None
Birch Creek below Reclamation 29-Sep-93 None None 26 None
Birch Creek below Reclamation 30-Sep-93 None None 24 None
Birch Creek below Reclamation 1-Oct-93 None None 21 None
Birch Creek below Reclamation 2-0ct-93 None None 18 None
Birch Creek below Reclamation 3-Oct-93 None None 18 None
Eagle Creek above Ptarmigan Cr. 26-May-93 180 962 56 145
Eagle Creek above Ptarmigan Cr. 27-May-93 110 284 73 56
Eagle Creek above Ptarmigan Cr. 28-May-93 90 114 45 14
Eagle Creek above Ptarmigan Cr. 29-May-93 90 140 55 21
Eagle Creek above Ptarmigan Cr. 30-May-93 70 106 59 17
Eagle Creek above Ptarmigan Cr. 31 -May-93 50 55 38 5.6
Eagle Creek above Ptarmigan Cr. 1 -Jun-93 50 40 34 3.7
Eagle Creek above Ptarmigan Cr. 2-Jun-93 45 43 30 35
Eagle Creek above Ptarmigan Cr. 3-Jun-93 45 121 27 8.7
Eagle Creek above Ptarmigan Cr. 4-Jun-93 40 100 27 7.3
Eagle Creek above Ptarmigan Cr. 5-Jun-93 36 58 27 4.1
Eagle Creek above Ptarmigan Cr. 6-Jun-93 29 47 24 3.0
Eagle Creek above Ptarmigan Cr. 7-Jun-93 70 231 25 15
Eagle Creek above Ptarmigan Cr. 8-Jun-93 35 111 18 54
Eagle Creek above Ptarmigan Cr. 9-Jun-93 70 306 27 22
Eagle Creek above Ptarmigan Cr. 1 0-Jun-93 None None 63 None
Eagle Creek above Ptarmigan Cr. 11 -Jun-93 34 164 35 28
Eagle Creek above Ptarmigan Cr. 12-Jun-93 17 27 28 2.5
Eagle Creek above Ptarmigan Cr. 13-Jun-93 None None 24 None
Eagle Creek above Ptarmigan Cr. 14-Jun-93 15 12 20 0.93
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Eagle Creek above Ptarmigan Cr. 15-Jun-93 20 52 19 3.4
Eagle Creek above Ptarmigan Cr. 16-Jun-93 None None 14 None
Eagle Creek above Ptarmigan Cr. 17-Jun-93 None None 10 None
Eagle Creek above Ptarmigan Cr. 18-Jun-93 None None 13 None
Eagle Creek above Ptarmigan Cr. 19-Jun-93 None None 11 None
Eagle Creek above Ptarmigan Cr. 20-Jun-93 12 42 12 2.2
Eagle Creek above Ptarmigan Cr. 21-Jun-93 8.3 17 25 0.88
Eagle Creek above Ptarmigan Cr. 22-Jun-93 13 58 19 2.25
Eagle Creek above Ptarmigan Cr. 23-4un-93 6.3 13 20 0.35
Eagle Creek above Ptarmigan Cr. 24-Jun-93 35 6.02 18 0.20
Eagle Creek above Ptarmigan Cr. 25-Jun-93 7.1 10 16 0.30
Eagle Creek above Ptarmigan Cr. 26-Jun-93 6.5 17 20 0.58
Eagle Creek above Ptarmigan Cr. 27-Jun-93 33 110 31 7.5
Eagle Creek above Ptarmigan Cr. 28-Jun-93 10 24 37 13
Eagle Creek above Ptarmigan Cr. 29-Jun-93 3.6 19 29 1.0
Eagle Creek above Ptarmigan Cr. 30-Jun-93 3.0 6.3 22 0.30
Eagle Creek above Ptarmigan Cr. 1-Jul-93 2.5 9.8 18 0.48
Eagle Creek above Ptarmigan Cr. 2-Jul-93 38 7.9 16 0.42
Eagle Creek above Ptarmigan Cr. 3-Jul-93 8.5 9.6 12 0.81
Eagle Creek above Ptarmigan Cr. 4-Jul-93 2.7 9.4 15 0.94
Eagle Creek above Ptarmigan Cr. 5-Jul-93 2.3 5.5 14 0.43
Eagle Creek above Ptarmigan Cr. 6-Jul-93 2.2 7.4 12 044
Eagle Creek above Ptarmigan Cr. 7-Jul-93 2.0 6.0 12 0.29
Eagle Creek above Ptarmigan Cr. 8-Jul-93 55 17 12 0.72
Eagle Creek above Ptarmigan Cr. 9-dul-93 15 67 5.1 2.1
Eagle Creek above Ptarmigan Cr. 10-Jul-93 360 918 8.7 36
Eagle Creek above Ptarmigan Cr. 11-Jul-93 26 114 8.7 4.4
Eagle Creek above Ptarmigan Cr. 12-Jul-93 12 38 8.5 12
Eagle Creek above Ptarmigan Cr. 13-Jul-93 85 20 8.2 0.62
Eagle Creek above Ptarmigan Cr. 14-Jul-93 2.5 7.2 8 0.23
Eagle Creek above Ptarmigan Cr. 15-Jul-93 4.2 9.6 6.6 0.13
Eagle Creek above Ptarmigan Cr. 16-Jul-93 3.8 6.0 6.7 014
Eagle Creek above Ptarmigan Cr. 17-Jul-93 2.5 3.6 7.4 0.09
Eagle Creek above Ptarmigan Cr. 18-Jul-93 2.2 2.4 6.2 0.05
Eagle Creek above Ptarmigan Cr. 19-Jul-93 44 6.6 6.2 0.19
Eagle Creek above Ptarmigan Cr. 20-Jul-93 2.2 2.6 5.1 0.06
Eagle Creek above Ptarmigan Cr. 21 -Jul-93 16 3.7 5.1 0.07
Eagle Creek above Ptarmigan Cr. 22-Jul-93 8.8 21 3.6 0.38
Eagle Creek above Ptarmigan Cr. 23-Jul-93 39 21 5 0.43
Eagle Creek above Ptarmigan Cr. 24-Jul-93 2.4 4.1 4.5 0.07
Eagle Creek above Ptarmigan Cr. 25-Jul-93 2.2 3.7 5.3 0.06
Eagle Creek above Ptarmigan Cr. 26-Jul-93 12 2.3 4.4 0.03
Eagle Creek above Ptarmigan Cr. 27-Jul-93 13 41 3.5 0.06
Eagle Creek above Ptarmigan Cr. 28-Jul-93 1.6 3.3 11 0.03
Eagle Creek above Ptarmigan Cr. 29-Jul-93 0.85 15 4.7 0.02
Eagle Creek above Ptarmigan Cr. 30-Jul-93 4.7 12 4.2 0.14
Eagle Creek above Ptarmigan Cr. 31-Jul-93 1.6 4.1 5.1 0.06
Eagle Creek above Ptarmigan Cr. 1 -Aug-93 13 2.7 4.2 0.03
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Eagle Creek above Ptarmigan Cr. 2-Aug-93 1.9 3.3 3.7 0.03
Eagle Creek above Ptarmigan Cr. 3-Aug-93 1.6 4.2 21 0.01
Eagle Creek above Ptarmigan Cr. 4-Aug-93 11 39 1.9 0.50
Eagle Creek above Ptarmigan Cr. 5-Aug-93 238 12 286 0.14
Eagle Creek above Ptarmigan Cr. 6-Aug-93 11 61 0.7 0.83
Eagle Creek above Ptarmigan Cr. 7-Aug-93 15 37 25 0.42
Eagle Creek above Ptarmigan Cr. 8-Aug-93 39 12 22 0.12
Eagle Creek above Ptarmigan Cr. 9-Aug-93 5.4 21 0.44 0.12
Eagle Creek above Ptarmigan Cr. 10-Aug-93 4.2 26 21 0.14
Eagle Creek above Ptarmigan Cr. 11-Aug-93 26 21 6.1 0.15
Eagle Creek above Ptarmigan Cr. 12-Aug-93 27 17 6.3 0.03
Eagle Creek above Ptarmigan Cr. 13-Aug-93 5.8 22 3.2 0.15
Eagle Creek above Ptarmigan Cr. 14-Aug-93 1.9 12 6.7 0.07
Eagle Creek above Ptarmigan Cr. 15-Aug-93 3.1 13 6.5 0.02
Eagle Creek above Ptarmigan Cr. 16-Aug-93 7.6 27 6.4 0.16
Eagle Creek above Ptarmigan Cr. 17-Aug-93 1.8 8.9 5.4 0.14
Eagle Creek above Ptarmigan Cr. 18-Aug-93 1.7 8.7 5.8 0.15
Eagle Creek above Ptarmigan Cr. 19-Aug-93 8.3 30 5 0.26
Eagle Creek above Ptarmigan Cr. 20-Aug-93 40 85 4.9 1.5
Eagle Creek above Ptarmigan Cr. 21-Aug-93 5.3 27 2.5 0.48
Eagle Creek above Ptarmigan Cr. 22-Aug-93 25 19 5.9 0.33
Eagle Creek above Ptarmigan Cr. 23-Aug-93 1.4 24 5.8 0.34
Eagle Creek above Ptarmigan Cr. 24-Aug-93 8.4 142 5.8 2.2
Eagle Creek above Ptarmigan Cr. 25-Aug-93 9.1 109 9.3 1.5
Eagle Creek above Ptarmigan Cr. 26-Aug-93 71 78 12 1.0
Eagle Creek above Ptarmigan Cr. 27-Aug-93 150 907 5.7 6.2
Eagle Creek above Ptarmigan Cr. 28-Aug-93 26 144 10 23
Eagle Creek above Ptarmigan Cr. 29-Aug-93 11 71 10 11
Eagle Creek above Ptarmigan Cr. 30-Aug-93 11 48 7.8 0.74
Eagle Creek above Ptarmigan Cr. 31-Aug-93 14 85 9.2 21
Eagle Creek above Ptarmigan Cr. 1-Sep-93 260 1277 11 43
Eagle Creek above Ptarmigan Cr. 2-Sep-93 400 657 23 10
Eagle Creek above Ptarmigan Cr. 3-Sep-93 160 647 28 18
Eagle Creek above Ptarmigan Cr. 4-Sep-93 140 536 28 15
Eagle Creek above Ptarmigan Cr. 5-Sep-93 120 515 25 11
Eagle Creek above Ptarmigan Cr. 6-Sep-93 110 391 22 9.7
Eagle Creek above Ptarmigan Cr. 7-Sep-93 65 232 19 6.9
Eagle Creek above Ptarmigan Cr. 8-Sep-93 31 96 18 6.0
Eagle Creek above Ptarmigan Cr. 9-Sep-93 29 112 15 8.5
Eagle Creek above Ptarmigan Cr. 10-Sep-93 22 58 15 44
Eagle Creek above Ptarmigan Cr. 11-Sep-93 26 69 11 48
Eagle Creek above Ptarmigan Cr. 12-Sep-93 15 50 10 2.9
Eagle Creek above Ptarmigan Cr. 13-Sep-93 12 42 12 2.2
Eagle Creek above Ptarmigan Cr. 14-Sep-93 13 46 13 22
Eagle Creek above Ptarmigan Cr. 15-Sep-93 11 36 13 1.5
Eagle Creek above Ptarmigan Cr. 16-Sep-93 12 37 13 1.4
Eagle Creek above Ptarmigan Cr. 17-Sep-93 19 43 14 1.3
Eagle Creek above Ptarmigan Cr. 18-Sep-93 None None 14 None
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Eagle Creek above Ptarmigan Cr. 19-Sep-93 40 109 12 35
Eagle Creek above Ptarmigan Cr. 20-Sep-93 50 165.78 13 5.7
Eagle Creek above Ptarmigan Cr. 21-Sep-93 75 450.53 20 15.78
Eagle Creek above Ptarmigan Cr. 22-Sep-93 None None 27 None
Eagle Creek above Ptarmigan Cr. 23-Sep-93 None None 25 None
Eagle Creek above Ptarmigan Cr. 24-Sep-93 None None 21 None
Eagle Creek above Ptarmigan Cr. 25-Sep-93 None None 19 None
Eagle Creek above Ptarmigan Cr. 26-Sep-93 None None 15 None
Eagle Creek above Ptarmigan Cr. 27-Sep-93 None None 24 None
Eagle Creek above Ptarmigan Cr. 28-Sep-93 None None 10 None
Eagle Creek above Ptarmigan Cr. 29-Sep-93 None None 7.2 None
Eagle Creek above Ptarmigan Cr. 30-Sep-93 None None 8.1 None
Eagle Creek above Ptarmigan Cr. 1-Oct-93 None None 8.2 None
Eagle Creek above Ptarmigan Cr. 2-0Oct-93 None None 7.7 None
Eagle Creek above Ptarmigan Cr. 3-Oct-93 None None 5.8 None
Eagle Creek above Ptarmigan Cr. 4-Oct-93 None None 5.6 None
Eagle Creek above Ptarmigan Cr. 5-Oct-93 None None 4.8 None
Eagle Creek above Ptarmigan Cr. 6-Oct-93 None None 6 None
Ptarmigan Creek above Eagle Cr. 25-May-93 1.2 8.4

Ptarmigan Creek above Eagle Cr. 26-May-93 2.2 25 97 6.5
Ptarmigan Creek above Eagle Cr. 27-May-93 1.3 7.5 115 2.3
Ptarmigan Creek above Eagle Cr. 28-May-93 11 6.8 91 1.7
Ptarmigan Creek above Eagle Cr. 29-May-83 11 4.5 83 1.0
Ptarmigan Creek above Eagle Cr. 30-May-93 0.85 2.0 93 0.51
Ptarmigan Creek above Eagle Cr. 31 -May-93 0.60 2.4 81 0.54
Ptarmigan Creek above Eagle Cr. 1 -Jun93 0.65 2.7 68 0.51
Ptarmigan Creek above Eagle Cr. 2-Jun-93 0.80 1.6 61 0.26
Ptarmigan Creek above Eagle Cr. 3-Jun-93 0.75 0.5 58 0.08
Ptarmigan Creek above Eagle Cr. 4-Jun-93 0.55 1.2 56 0.18
Ptarmigan Creek above Eagle Cr. 5-Jun-93 0.60 0.97 55 0.14
Ptarmigan Creek above Eagle Cr. 6-Jun-93 0.65 0.65 55 0.09
Ptarmigan Creek above Eagle Cr. 7-Jun-83 0.45 0.53 55 0.08
Ptarmigan Creek above Eagle Cr. 8-Jun-93 0.55 0.56 51 0.08
Ptarmigan Creek above Eagle Cr. 9-Jun-93 0.80 4.4 45 0.53
Ptarmigan Creek above Eagle Cr. 10-Jun-93 11 1.6 68 0.29
Ptarmigan Creek above Eagle Cr. 11-Jun-93 0.45 24 73 4.7
Ptarmigan Creek above Eagle Cr. 12-Jun-93 0.65 5.3 50 0.71
Ptarmigan Creek above Eagle Cr. 13-Jun-93 0.45 2.3 41 0.25
Ptarmigan Creek above Eagle Cr. 14-Jun-93 0.35 0.82 37 0.08
Ptarmigan Creek above Eagle Cr. 15-Jun-93 0.15 2.67 34 0.25
Ptarmigan Creek above Eagle Cr. 16-Jun-93 0.35 2.04 31 0.17
Ptarmigan Creek above Eagle Cr. 17-Jun-93 0.25 1.47 29 0.12
Ptarmigan Creek above Eagle Cr. 18-Jun-93 0.20 1.36 29 0.11
Ptarmigan Creek above Eagle Cr. 19-Jun-93 0.15 1.24 33 0.11
Ptarmigan Creek above Eagle Cr. 20-Jun-93 0.30 2.15 33 0.19
Ptarmigan Creek above Eagle Cr. 21 -Jun-93 0.45 1.04 46 0.13
Ptarmigan Creek above Eagle Cr. 22-Jun-93 2.1 .37 42 0.15
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Ptarmigan Creek above Eagle Cr. 23-Jun-93 1.0 2.4 32 0.20
Ptarmigan Creek above Eagle Cr. 24-Jun-93 0.7 0.82 26 0.06
Ptarmigan Creek above Eagle Cr. 25-Jun-93 0.55 0.93 23 0.06
Ptarmigan Creek above Eagle Cr. 26-Jun-93 0.75 0.51 22 0.03
Ptarmigan Creek above Eagle Cr. 27-Jun-93 0.65 0.73 21 0.04
Ptarmigan Creek above Eagle Cr. 28-Jun-93 0.45 0.81 22 0.05
Ptarmigan Creek above Eagle Cr. 29-Jun-93 0.45 0.80 22 0.05
Ptarmigan Creek above Eagle Cr. 30-Jun-93 0.55 1.11 20 0.06
Ptarmigan Creek above Eagle Cr. 1-Jul-93 0.45 0.30 20 0.02
Ptarmigan Creek above Eagle Cr. 2-Jul-93 0.40 None 28 None
Ptarmigan Creek above Eagle Cr. 3-Jul-93 0.35 0.40 26 0.03
Ptarmigan Creek above Eagle Cr. 4-Jul-93 0.50 0.61 22 0.04
Ptarmigan Creek above Eagle Cr. 5-Jul-93 0.55 0.40 19 0.02
Ptarmigan Creek above Eagle Cr. 6-Jul-93 0.70 0.31 17 0.01
Ptarmigan Creek above Eagle Cr. 7-Jul-93 0.45 0.42 16 0.02
Ptarmigan Creek above Eagle Cr. 8-Jul-93 0.65 0.10 16 0.00
Ptarmigan Creek above Eagle Cr. 9-Jul-93 0.55 0.33 15 0.01
Ptarmigan Creek above Eagle Cr. 10-Jul-93 0.50 0.31 14 0.01
Ptarmigan Creek above Eagle Cr. 11-Jul-93 0.45 0.10 13 0.00
Ptarmigan Creek above Eagle Cr. 12-Jul-93 0.45 7.4 13 0.25
Ptarmigan Creek above Eagle Cr. 13-Jul-93 0.45 0.73 12 0.02
Ptarmigan Creek above Eagle Cr. 14-Jul-93 0.35 0.53 11 0.02
Ptarmigan Creek above Eagle Cr. 15-Jul-93 0.40 0.11 11 0.00
Ptarmigan Creek above Eagle Cr. 16-Jui-93 0.55 0.10 9.8 0.00
Ptarmigan Creek above Eagle Cr. 17-Jul-93 0.40 0.84 9 0.02
Ptarmigan Creek above Eagle Cr. 18-Jul-93 0.50 1.6 9.4 0.04
Ptarmigan Creek above Eagle Cr. 19-Jui-93 0.50 0.63 9.3 0.02
Ptarmigan Creek above Eagle Cr. 20-Jul-93 0.50 0.63 9.1 0.02
Ptarmigan Creek above Eagle Cr. 21-Jul-93 0.80 0.42 8.6 0.01
Ptarmigan Creek above Eagle Cr. 22-Jul-93 None None 8.6 None
Ptarmigan Creek above Eagle Cr. 23-Jul-93 None None 8.5 None
Ptarmigan Creek above Eagle Cr. 24-Jul-83 None None 8.3 None
Ptarmigan Creek above Eagle Cr. 25-Jul-93 None None 7.9 None
Ptarmigan Creek above Eagle Cr. 26-Jul-93 None None 7.6 None
Ptarmigan Creek above Eagle Cr. 27-Jul-93 None None 6.9 None
Ptarmigan Creek above Eagle Cr. 28-Jul-93 None None 6.9 None
Ptarmigan Creek above Eagle Cr. 29-Jul-93 None None 7 None
Ptarmigan Creek above Eagle Cr. 30-Jul-93 None None 7.1 None
Ptarmigan Creek above Eagle Cr. 31-Jul-93 None None 6.6 None
Ptarmigan Creek above Eagle Cr. 1-Aug-93 None None 6.6 None
Ptarmigan Creek above Eagle Cr. 2-Aug-93 None None 6.3 None
Ptarmigan Creek above Eagle Cr. 3-Aug-93 None None 6.6 None
Ptarmigan Creek above Eagle Cr. 4-Aug-93 None None 6.3 None
Ptarmigan Creek above Eagle Cr. 5-Aug-93 None None 6 None
Ptarmigan Creek above Eagle Cr. 6-Aug-93 0.55 1.53 6.8 0.03
Ptarmigan Creek above Eagle Cr. 7-Aug-93 0.40 0.70 8.2 0.02
Ptarmigan Creek above Eagle Cr. 8-Aug-983 0.40 1.2 8.6 0.03
Ptarmigan Creek above Eagle Cr. 8-Aug-93 0.60 1.5 8.6 0.04
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Ptarmigan Creek above Eagle Cr. 10-Aug-93 0.35 1.2 9 0.03
Ptarmigan Creek above Eagle Cr. 11 -Aug-93 0.25 1.2 8.3 0.03
Ptarmigan Creek above Eagle Cr. 12-Aug-93 0.35 1.6 79 0.03
Ptarmigan Creek above Eagle Cr. 13-Aug-93 None None 7.9 None
Ptarmigan Creek above Eagle Cr. 14-Aug-93 0.90 2.0 7.6 0.04
Ptarmigan Creek above Eagle Cr. 15-Aug-93 0.30 1.3 7.9 0.03
Ptarmigan Creek above Eagle Cr. 16-Aug-93 0.45 1.4 7.6 0.03
Ptarmigan Creek above Eagle Cr. 17-Aug-93 0.50 0.99 6.9 0.02
Ptarmigan Creek above Eagle Cr. 18-Aug-93 0.50 1.2 7.2 0.02
Ptarmigan Creek above Eagle Cr. 19-Aug-93 0.40 1.0 6.6 0.02
Ptarmigan Creek above Eagle Cr. 20-Aug-93 0.55 1.5 6.3 0.03
Ptarmigan Creek above Eagle Cr. 21 -Aug-93 0.40 1.8 6.6 0.03
Ptarmigan Creek above Eagle Cr. 22-Aug-93 0.65 1.6 6.9 0.03
Ptarmigan Creek above Eagle Cr. 23-Aug-93 0.80 1.5 7.9 0.03
Ptarmigan Creek above Eagle Cr. 24-Aug-93 0.30 0.37 9.2 0.01
Ptarmigan Creek above Eagle Cr. 25-Aug-93 0.60 0.62 10 0.02
Ptarmigan Creek above Eagle Cr. 26-Aug-93 1.8 1.9 1 0.06
Ptarmigan Creek above Eagle Cr. 27-Aug-93 None None tu None
Ptarmigan Creek above Eagle Cr. 28-Aug-93 None None 10 None
Ptarmigan Creek above Eagle Cr. 29-Aug-93 None None 9.8 None
Ptarmigan Creek above Eagle Cr. 30-Aug-93 None None 9.8 None
Ptarmigan Creek above Eagle Cr. 31 -Aug-93 None None 9.8 None
Ptarmigan Creek above Eagle Cr. 1-Sep-93 None None 1 None
Ptarmigan Creek above Eagle Cr. 2-Sep-93 0.95 2.5 17 0.11
Ptarmigan Creek above Eagle Cr. 3-Sep-93 0.25 2.4 26 0.17
Ptarmigan Creek above Eagle Cr. 4-Sep-93 0.30 11 25 0.07
Ptarmigan Creek above Eagle Cr. 5-Sep-93 0.20 0.92 24 0.06
Ptarmigan Creek above Eagle Cr. 6-Sep-93 0.30 11 23 0.07
Ptarmigan Creek above Eagle Cr. 7-Sep-93 0.30 0.61 22 0.04
Ptarmigan Creek above Eagle Cr. 8-Sep-93 0.25 0.96 20 0.05
Ptarmigan Creek above Eagle Cr. 9-Sep-93 0.30 2.1 19 0.11
Ptarmigan Creek above Eagle Cr. 10-Sep-93 0.25 0.59 19 0.03
Ptarmigan Creek above Eagle Cr. 11-Sep-93 0.30 0.79 19 0.04
Ptarmigan Creek above Eagle Cr. 12-Sep-93 None None 18 None
Ptarmigan Creek above Eagle Cr. 13-Sep-93 None None 19 None
Ptarmigan Creek above Eagle Cr. 14-Sep-93 None None 19 None
Ptarmigan Creek above Eagle Cr. 15-Sep-93 None None 20 None
Ptarmigan Creek above Eagle Cr. 16-Sep-93 None None 19 None
Ptarmigan Creek above Eagle Cr. 17-Sep-93 None None 20 None
Ptarmigan Creek above Eagle Cr. 18-Sep-93 None None 21 None
Ptarmigan Creek above Eagle Cr. 19-Sep-93 None None 20 None
Ptarmigan Creek above Eagle Cr. 20-Sep-93 None None 21 None
Ptarmigan Creek above Eagle Cr. 21-Sep-93 None None 24 None
Ptarmigan Creek above Eagle Cr. 22-Sep-93 None None 33 None
Ptarmigan Creek above Eagle Cr. 23-Sep-93 None None 31 None
Ptarmigan Creek above Eagle Cr. 24-Sep-93 4.8 2.93 264 0.21
Ptarmigan Creek above Eagle Cr. 25-Sep-93 None None 241 None
Ptarmigan Creek above Eagle Cr. 26-Sep-93 None None 22 None

44



Ptarmigan Creek above Eagle Cr. 27-Sep-93 None None 20 None
Ptarmigan Creek above Eagle Cr. 28Sep93 None None 17 None
Ptarmigan Creek above Eagle Cr. 29-Sep-93 None None 17 None
Ptarmigan Creek above Eagle Cr. 30-Sep-93 None None 18 None
Ptarmigan Creek above Eagle Cr. 1-Oct-93 None None 17 None
Ptarmigan Creek above Eagle Cr. 2-0ct-93 None None 15 None
Ptarmigan Creek above Eagle Cr. 3-Oct-93 None None 15 None
Ptarmigan Creek above Eagle Cr. 4-Oct-93 None None 14 None
Ptarmigan Creek above Eagle Cr. 5-Qct-93 None None 13 None
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